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ABSTRACT: tn the present study Mg-N-Al ferrites materials were synthesized by wide-eyed ceramic method| 
(olid-state method). The formation of cubic single phase was affirmed by XRD of Mg-Ni-Al ferrite. The variation of 
lattice constant (a) with dopant aluminum (Al) is assigned to Vegard's law. The crystallite size(D), lattice 
cconstant(a), micro strain(e), X-ray density (Ax), dislocation density (ps) , hopping lengths (L and Le), Bond length 
(AO and B-0) and Ionic radit (rand rs), also reported. The Williamson-Hall plot and size-strain plot also employed 


to understand the structural and mechanical attributes of ferrites samples, 
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1. INTRODUCTION 

Magnetic nanoparticles (MNPs) have been 
intensively studied for the reason that, they possess 
antithetic physical properties from macro and bulk 
‘counterparts [1-3]. Unique properties have high 
potential in tons of applications such as biomedicine, 
fanti-bacteria, drug delivery, data storage and 
environmental treatment [1-7], Design of new 
materials to manufacture magnetic, electric, electronic, 
microwave and biomedical devices have encouraged 
scientific and technological community to investigate 
structural and chemical properties of multi-component 
inorganic nanostructures. Various synthesis techniques 
fare being used to alter physical and chemical 
properties of materials to obtain desired material 
characteristics suited to particular applications (8) 
‘They Include high capacity batteries, electrochromic 
displays, and waste-water cleaning, low magnetization 
ferro-fluids, intercalation electrodes In rechargeable 
batteries and as strong oxidizing agents [9-10]. Ferrites 
have immense practical applications from microwave 
to radio frequencies on account of the fact that Ac fields 
do not induce undesirable eddy currents in insulating 
materials [11-12]. Novel electrical and magnetic 
behaviors are observed for the nano sized magnetic 
particles when compared to that of the bulk 
‘counterparts [11]. These ferrites can be synthesized 
through various methods namely ceramic method [13- 
14}, sol-gel Method [15] microwave method [16], 
combustion method [17], hydrothermal method [18], 


oxalate co-precipitation technique [19]. The optical, 
electrical, magnetic and antibacterial activities of 
NiFe:0s and MgFe:0s reported by P. A. Udhaya et.al 
[20]Nickel and Magnesium ferrite is extensively used 
in a number of electronic devices due to their high 
permeability at high frequency, remarkable high 
electrical resistivity, mechanical hardness, chemical 
stability and reasonable cost [21] Detailed zine doped 
zine in nickel-copper ferrites and its dielectric 
properties reported [22]. Magnesium ferrite is a soft 
magnetic n-type semiconducting material, which finds 
‘a number of practical applications in heterogeneous 
catalysis, adsorption, sensors, and in magnetic 
technologies [23]Citrate Gel auto combustion 
technique is a convenient way for obtaining a 
homogeneous nano sized mixed Ni-Mg ferrites and 
magnetic properties were studied (24-25].Aluminum 
doped different metal ferrites structural and photo- 
cataly tical activity reported (26). 

In this study, high purity Mg.Ni, AL.Fe2.0, ferrites 
have been easily prepared via the low-cost solid state 
method. Prepared ceramics were investigated the 
effect of magnesium doping in nickel and aluminum 
doping in iron on the structural, morphological, and 
mechanical properties elaborately reported. The W-H 
plot and size strain plots were studied, ina widespread 
‘way and the results have been compared. 

2. EXPERIMENTAL METHOD 

High purity Nickel oxide (NiO), cadmium oxide 

(CaO), aluminum oxide (Al:0;) and ferric oxide (Fe:0:) 
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‘were combined in thoroughly molar proportions in an 
agate motor to synthesis MgwNitwAlsFe2.Qs ferrites 
‘which are subjected to hard milling (4 hour in agate 
mortar) for uniform homogenization in acetone 
medium. Pellets were prepared by applying a pressure 
about five tons for five minutes which are presented at 


800°C for 10hrs and furnace cooled. The schematic 
flow of the work is shown in Fig.. Solid-state reaction 
route is employed preparation ferrites by heating 
higher temperatures, 1100 °C for 15hrs in order to 
complete the reaction, 


Figure 1 Schematic representation of ferrite work. 


3, RESULT AND DISCUSSION 
3.1 Structural studies 

‘The XRD patterns of Mg.Ni:Alife2.0s ferrites 
‘without impurity peaks were noticed and shown in 
Fig.2. Diffraction peaks corresponding to (2 2 0), (31 
1), (2 22), 40 0), (42.2), (S11), and (4 4 0) 
reflections provided clear evidence for cubic spinel 
structure, The various parameters were calculated 
using following relations, 


‘The difraction maxima from Bragg's law is prevaled 
by (26) 
2d,,,.sin 9=nA 
a 
P+ +P)™ 
Average Crytallt size (D) is calculated by Debye- 


‘Scherrer’s formula [20] 
KA 


i 

Where,D is sae ofthe particle, fs the wavelength 
of x-rays (1.5406 A), 8 is Bragg angle for the peak and 
pure diiraction broadening f The value Ot K's taken 
in present case 

itis observed that asthe concentration ofA ions 
Increases the later parameter (a) found decreasing 
trend The varlaton of ate constant ith aluminum 
fontent iS. shown in Mig. Experimental lattice 
parameter decreases systematically, with Increasing 


(0) 


sal) 


aluminum (x) values providing abundant nourishment 
Vegard's law. Experimental lattice parameter observed 
in the range 83925-84696A° decreases with 
increasing AV'ions concentration in the given spinel 
oxides. The Ni ions have smaller ionic radii (0.69A°), 
‘than Mge* ions (0.724%) in the octahedral sites, a partial 
replacement of the Mg" ions by the Ni" ions causes 
shrinkage of unit cell dimensions, thereby diminishing 
thelattice parameter and also due to Al** doping can be 
‘explained on the basis of difference in their ionic radius 
of Fe and ALions. (Ionic radius of Al" ion is 0.57 A and 
Fe® ion 0.67 A){ [27]. Thus it is interpreted on the 
basis of the relative ionic radii of Ni Mg, AP* and 
Feions present in the ferrite system. The second 
‘order polynomial fit for the process of being varied of 
lattice parameter (a) with aluminum composition (x) is 
given by 


a= 0.4125x?- 0.4571x+ 85103 —~-(4) 


‘The distance between magnetic ions (hopping 
length) in A site (Tetrahedral) and B site (Octahedral) 
were calculated by using [14,17] the complying 
relations {(Laand Ls)) 


ax 3 


@ 


(6) 


where a is lattice constant. The ion jump lengths 
(Laand Ls) are directly varies to lattice parameter (a). 
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‘Thus, it was detected that the ions jump lengths site (La) and octahedral site (Ls)) were systematically 
decreases with the increase in the aluminum (Al) order in Table No. 1 
concentration. 

‘The lattice constant (a=b=c), cell volume (V), 

Dislocation density (pe). Hopping lengths (tetrahedral 


Figure 2 XRD pattern of Mg.Nir«AlFe: 0s (X=0.1,0.2,0.3 and 0.4) ferrite synthesized by Solid State reaction 
method 


Lattice Parameter(A°) 


Figure 4, EDAX analysis of Mg.Nis «Al.Fe:.Osferrites 
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Figs. 


EDAX analysis of Mg.NirsAlFez.O«ferrites 


oad 


Figure 6 SEM images (EDAX analysis) with corresponding elemental mapping of Ferrites (X=0.1) 


3.2 Williamson-Hall analysis and “Size-Strain 
plot"(8SP) analysis 
‘The ‘distinct approaches presented in W-H 


analysis, we assume that size and strain broadening are 
additive components of the total integral breadth of a 
Bragg peak [28-30]. The distinct angle (0) 
dependencies of both effects laid the basis for the 
‘separation of size and strain broadening in the analysis 
of Williamson and Hall [30-31] 


KA 
cos0 =" "4 4 desin 0 
Buy C08 =~" + desin 


(13) 
Fig7 shows the variation between the os 8 vs. 
sin 8 (W-H analysis). The equation (13) represents 
(linear form) y =mx + cwhere m = strain and c= 1/D, 
‘so that the linear plot of feos 8 vs. sin @ gives the slope 
aslattice strain (c) and the intercept as 1/D. The "size 


strain plot” (SSP) Is a Instrument to interpret the 
quantity of isotropic nature and micro-strain 
contribution. The evaluation of the  size-strain 
parameters can be obtained by considering an average 
(GSP), which has the advantage that less weight is given 
to data from reflections at high angles, where the 
precision is usually lower which is shown in Fig. 8. In 
this approximation, we assume that the “crystallite 
size" profile is described by a Lorentzian function and 
the ‘strain profile” by a Gaussian function (29-32) 
Accordingly, we have 


KA 
(AyuB e080" == (ai ose) (8) 


prone 14) 
Where K=3/4, a constant which depends on the 

shape of the ferrite samples. 

In Fig. 8 similarly to the W-H methods, the term 

(@iwPinu cos6)? is plotted with respect to (dius cos) 
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for the all orientation peaks of Mg- Ni-Al ferrite strain and average 
samples with the cubic spinel structure. The detailed 
crystallite size and strain calculated form W-H plot and 


SSP has been reported in Table 4. Results of lattice 


crystallite size 
encountered in good agreement with the value 
obtained from the equations (Tabulated in Table.4). 


Figure 8 Size strain plot of (df8cos0)= vs d?icos0 for Mg.Nis sAl,Fe: 0. ferrites 


of samples 


‘Table 1 Variation of lattice constant, Volume, Hopping lengths, Bond lengths and Ionic radii of ferrite 


Tattice | Volumeof | Hopping ] yo, Bond | Bond |] fonle ] _tonie 
x | parameter | uniteetv | tength ta | ,, Hopping ay | Length | tenga. | Raditra | RaditeD 
ata) (30) ry) mn Ao) | BA) co} a) 
a1 sas%s | «0756 | aera zavas__| 1337 | 21174 | o4as7_| oer 
o2| 84326 | ses | asta zaaia | 1azs7 | 21082 | o47s7_| ose 
os] eas | sosae | 6029 zavaa_[ aazis | 210s3_| oa7is | o7saa 
oa [| aa025 | soni | _aeat zaerz | 1170 | 20901 | 04670 | o74a1 
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‘The quantity of dislocations per unit volume of a 
material is uttered as dislocation density (p,). ‘These 
dislocations are 1D crystal defects which are 
constructed by the boundary between the slipped and 
unslipped regions. The measure of defects is resolved 
by evaluating dislocation density. As aluminum content 
() Is varied the average size (D), micro-strain(e) and 
dislocation density also varied which are tabulated 
Table.No.2. 


micro — strain(e) = Peme 
0) 
I 
Dislocation-Density (Pp) = na 
@ 


‘The bond lengths (A-O and B-O) and ionic radil (rs and 
ry) on Assite and Besite are calculated using the 
equation. The calculated values of bond lengths and 
ionic radii on A-site and site are presented in Table 2, 


A-O=(u-1/4)ay3 


Eee o 
B-O=(5/8-wa 
ie (ao) 
1, =(u-1/4)a3 0") 
= ay 
1, =(5/8-wa-r(O*) 
sions) 


EDAX analysis of the investigated ferrites affirmed 
the stoichiometric ratio of a MgNi,,Al,Fe2,0« system 
asshown in Fig. 4 and Fig.5. The chemical compositions 
of the investigated Mg-Ni-Al- ferrites were measured to 
supports the stoichiometric ratio of a given system 
using energy dispersive X-ray analyses (EDAX). The 
atomic percentage (at%) and weight percentage 
(we) of constituent elements (Ni, Mg, Al Fe and 0) 
are computed theoretically from’ the intermediate 
‘chemical composition ferrites is Tabulated in Table. 3 
‘The elemental analysis as predominated from EDAX is, 
in agreements with the starting materials used for the 
synthesis like elements Ni, Mg, Al, Fe and O were 
‘observed on the EDAX image. SEM images (EDAX- 
analysis) with corresponding elemental mapping for 
X=0.1 is shown in Fig. 6, Thus EDX technique provides 
the effective atomic concentration of distinct 
‘components in the top surface layers (ferrites) 


4, CONCLUSION 

Solid state technique is a favorable room in 
obtaining homogeneous Mg.Nis,Al,Fe2.04 ferrites. X- 
ray diffraction pattern declares the formation of cubic 
spinel in single phase without impurity peak with 


lattice parameter &3925-84696A°, The lattice 
parameter is degree of decrease with the increase of 
aluminum (Al) substitution in ferrites which indicates 
that the mixed ferrite system obeys Vegard’s law. 
EDAX patterns confirm the compositional formation of 
the synthesized samples. The Williamson-Hall plot and 
size-strain plot also accompaniment realizes the 
physical attributes of ferrites samples. 
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